Introduction
The origin of malaria-resistant sickle cell genetic variants from either single or multiple events was controversial until recently. 1 The debate was partly settled in favor of multiple origins; owing to bS haplotypes in linkage disequilibrium with the sickle mutation. 2, 3 Complementary evidence for parallel origins of sickle cell is discernable in ethnicity, some notable examples being the concurrency of gene population spread attributed to expansions of Iron Age Bantu speakers both south and eastwards in Africa emerging from the area of present-day Cameroon, and subsequently across the Atlantic by events associated with the 'Middle Passage'.
Here we report Y-chromosome co-introgression with the S gene in the eastern part of Africa's Sahel, where it is known that the gene existed previously in low frequencies 4, 5 in contrast to being more prevalent among west African migrants.
Materials and methods
A total of 237 unrelated males (some of whom are known sicklers) were typed, for the sickle-cell mutations using amplification refractory mutation system PCR and the results confirmed by protein electrophoresis. The same sample was typed for the major Y chromosome haplogroup-defining mutations. The populations studied included Hausa, Masalit, Borgu as well as other groups and populations inhabiting the area across Africa's Sahel into Chad and Sudan. Populations were classified according to their linguistic affiliation, which comprised the main linguistic families of Africa (Afro-Asiatic, Niger Kordofanian and Nilo-Saharan). The population sample was selected based on preliminary knowledge of the distribution of the S gene among various groups in the Sudan. 4 -6 The sample was further classified to include the Hausa as a separate group due to the high frequency of a particular distinctive haplogroup within this group (P25) whose closest phylogenetic molecular ancestor, haplogroup R1-M173* marks a back migration to Africa from west Eurasia. 7 The Hausa, originally of western Africa, have migrated to the eastern Sahel during the past 300 years, employed mainly in agricultural economies ( Figure 1 ).
We employed an extension of the coalescence to estimate the possible age and date of introduction of the S gene into the eastern Sahel, using the following formula provided an equal assortment and no gender preferential introduction of the gene:
where X(t) is the frequency of the Y haplogroup among bearers of S mutation in generation t and Y is the frequency of Y haplogroup in the chromosome and a is the decay in association due to assortment. The dating estimates based on a formula that is an extension of the coalescence gives a recent figure of 1 -3 generations for the introduction of the gene and associated haplotypes to eastern Sahel.
Results

Discussion
Patterns of genetic diversity are the result of locus-specific forces (natural selection) and population-level forces (eg demographic growth and range expansion). When multiple independent loci correlate with geography, populationlevel forces are likely responsible. Conversely, when patterns diverge, natural selection is implicated in modulating observed diversity. Mitochondrial DNA and Y-chromosome diversity closely correlate with geography and these loci have recently become the markers of choice in defining both provenance and trajectory of population movements and also provide insights into population substructure and group membership. By typing both the haploid Y chromosome and the S gene in the same samples it should be possible to test for common demography as well as detect affinities of particular S variants observed in Sudan to other regions of Africa.
Our results suggest that the sickle cell gene may have been preferentially introduced through males of migrating west African tribes (Figure 1) , particularly Hausa-Fulani, and Bagara in the large migrations that began in the eighteenth century and escalated during the nineteenth and early twentieth century. The estimates of a recent figure of 1 -3 generations for the introduction of the gene and associated haplotypes to eastern Sahel, is consistent with demography during the past 100 years and with a hypothesis of a recent origin of malaria as a major human infection. 6, 8, 9 
